ment epithelium might be susceptible to the cumulative toxic effects of continued photic damage, and thus, the free radical theory of aging applies especially to AMD (Halliwell 1991) . Previous studies suggest that circulating ROS may damage the choriocapillaris and lead to AMD (Baskol et al. 2004) . The balance between the generation of ROS and ROS clearance can be disturbed with increasing age, which in turn results in oxidative damage to macromolecules such as lipids and proteins (Beatty et al. 2000) . Various cellular functions involving proteins: receptor, signal transduction mechanism, transport system, and enzymes may be affected by in vivo oxidative modification of proteins (Valko et al. 2007) . Increased levels of advanced oxidation protein products (AOPP) are unique markers of oxidative stress caused by the oxidative damage to proteins (Irshad and Chaudhuri 2002) . Lipid peroxidation products are generated by ROSmediated oxidation of cell membrane lipids (Ohira et al. 2008) . Lipid peroxides are used as an indicator of oxidative stress in cells and tissues. Lipid peroxidation products derived from polyunsaturated fatty acids (PUFAs), including reactive carbonyl compounds, among which MDA is the most abundant, are unstable and decompose to from a complex series of compounds. They include reactive carbonyl compounds, among which MDA is the most abundant. Accordingly, MDA measurements are commonly used as a marker of lipid peroxides. Elevated levels of lipid peroxides have been associated with a variety of diseases in both human and model systems (Irshad and Chaudhuri 2002; Valko et al. 2007) .
Paraoxonase (PON1), a calcium-dependent esterase, is closely associated with the high-density lipoprotein (HDL) subfraction containing apolipoprotein A-I in human serum. Paraoxonase acts as a catalyst for hydrolysis of organophosphates, metabolizes lipid peroxides and prevents oxidation of low-density lipoprotein (LDL). It is widely distributed among tissues such as the liver, kidney, and intestine. A cysteine thiol group contained by the active site of PON1 is essential for PON1-mediated protection of LDL against atherogenic oxidative damage (Marchegiani et al. 2008) .
Exudative neovascular AMD has a degenerative process that causes proliferation of choriocapillaries in the subretinal space (Axer-Siegel et al. 2004) . Increased levels of plasma vascular endothelial growth factor, von Willebrand factor, and fibrinogen, as well as increased plasma viscosity in patients with AMD have been reported in several studies. These findings indicate an association of markers of angiogenesis, hemostasis, and endothelial dysfunction with AMD. This hypothesis is supported by the results of the study by Nowak et al. (2005a) , which reported an association between AMD and atherosclerosis. High levels of homocysteine result in direct vascular endothelial injury by releasing free radicals, inhibiting glutathione peroxidase and nitric oxide, interfering with clotting factors and lipid peroxidation, all of which modify the vessel wall (Genser et al. 2006; Papandreou et al. 2006) . We hypothesized that neovascular AMD might also be associated with elevated plasma levels of homocysteine, an apparently independent risk factor for atherosclerotic vascular disease, including coronary and cerebrovascular disease.
Several studies have focused on homocysteine and lipid peroxidation in AMD; however, only one study on the PON1 activity and lipid peroxidation status of patients with active AMD is available (Baskol et al. 2004; Kamburoglu et al. 2006; Seddon et al. 2006; Kaemmerer et al. 2007 ). In the present study, we investigated the relationship between serum PON1 activity and homocysteine and MDA in AMD.
MATERIALS AND METHODS

Patients and Methods
Forty consecutive patients (18 males and 22 females) diagnosed with exudative-type AMD were assessed in this study. Data regarding age, sex, detailed medical history of hypertension and diabetes mellitus, peripheral, coronary atherosclerotic disease and cerebrovascular events, medication, and smoking habits was obtained. The mean age of the patients was 63.3 ± 5 (range 58-72years). Patients with a history of coronary heart disease, cerebrovascular events, neoplastic disease, renal and/or liver failure, vitamin supplementation, smoking habits, retinal vascular disease, and anterior optic neuropathy were excluded from the study. All participants underwent a complete ophthalmic examination consisting of best corrected visual acuity, slit lamp biomicroscopy, dilated funduscopy, and fundus photography with fundus fluorescein angiography (FFA). The control group consisted of 40 healty volunteers whose age and gender similar to the experimental group. The patients with the following characteristics were considered to have AMD based on the results of the FFA. Patients with choroidal neovascularization (CNV) were included in the study group. The written informed consent of all the participants was obtained.
Venous blood samples of the patients and controls were collected in test tubes containing ethylenediamine tetraacetic acid. The samples were centrifuged at 4°C and serum MDA levels were measured according to a previously described method (Baskol et al. 2004 ). This method is based on the spectrophotometric measurement of the color formed during the reaction of thiobarbituric acid with MDA. The concentration of thiobarbituric acid reactive substances was calculated by the absorbance coefficient of the malondialdehyde-thiobarbituric acid complex and expressed as nmol/ml. MDA bis (dimethyl acethal)-TBA (thiobarbituric acid) complex was used as a standard. Paraoxanase activity was measured according to a previously described method (Marchegiani et al. 2008) . One unit of paraoxanase activity is defined as 1 μ mol of p-nitrophenol formed per minute. The activity was expressed as a unit per liter of serum (U/l). Serum homocysteine levels were measured by high-performance liquid chromatography, in a masked fashion. Homocysteine values of 5 to 15 μ mol/l were considered to be in the normal range, and hyperhomocysteinemia was defined as any homocysteine level above 15 μ mol/l (Seddon et al. 2006) .
The study was approved by the Research Ethics Committee of Medical Faculty, Erzurum Ataturk University. Each patient signed a purpose-made informed consent form.
Statistical analysis
Statistical analyses were done using SPSS for Windows (version 11.0, SPSS Inc., Chicago, IL, USA). Normality of data was tested by the Shapiro-Wilk test and intergroup comparisons were done using the Independent Samples T-test. The degree of correlation was calculated using the Pearson Correlation and p < 0.05 was considered statistically significant.
RESULTS
The changes in all parameters are shown in Table 1 . The age and gender distributions of the patient and control groups were not significantly different ( p > 0.05). There is not any statitically significant difference in each parameter between non-smoking and smoking patients. The mean serum PON1 and MDA levels of the patient group were 92.6 ± 48.2 U/L and 6.9 ± 1.3 nmol/mL, respectively. The mean serum PON1 and MDA levels of the control group were 236.6 ± 98.0 U/L, and 4.3 ± 1.3 nmol/mL, respectively. The mean serum PON1 level of the patient group was significantly lower than that of the control group, while the mean serum MDA level of the patient group was significantly higher than that of the control group ( p < 0.001). The mean serum homocysteine concentration of the patient group was 11.6 ± 2.9 mmol/L and was 9.8 ± 1.5 mmol/L for the control group. The mean serum homocysteine level of the patient group was significantly higher than that of the control group ( p < 0.001). The serum PON1 level in patients was significantly negatively correlated with the MDA level (r = −0.621, p < 0.05) (Fig. 1) . Similarly, serum PON1 activity was negatively correlated with homocysteine levels (r = −0.557, p < 0.05) in AMD patients (Fig. 2) .
DISCUSSION
ROS are molecules with an unpaired electron, making them highly reactive. ROS are produced in all tissues during aerobic metabolism and they can also be formed by photochemical reactions (Leibovitz et al. 1980) . ROS disturb the protective systems and thus cause lipid peroxidation and cellular damage. They may play a role in the pathogenesis of a number of acute and chronic diseases in addition to AMD (Nowak et al. 2005b; Drobek-Słowik et al. 2007 ). There are many factors associated with oxidative damage in the eye. The exposure to light throughout life is one of the well-known factors. In addition, polyunsaturated fatty acids have been known to be an important factor in making the eye more susceptible to oxidative damage compared to other organs. The retina is exposed to increased lipid peroxidation by ROS due to its high polyunsaturated fatty acid content (Winkler et al. 1999 ). Previously, it was shown that excessive ROS production might arise from an imbalance between oxidant and anti-oxidant systems. The attack of ROS on the polyunsaturated fatty acids of cell membranes may induce formation of lipid peroxidation products (Delcourt et al. 1999; Desmettre et al. 2004 ). In our study, MDA levels were higher in patients with AMD compared to controls. The results of this study are consistent with the results of some previous reports (Young 1998 , Evereklioglu et al. 2003 .
In the study by Baskol et al. (2006) , PON1 activity was lower in the patients with nonexudative-type AMD than in the controls. In another study, Ikeda et al. (2001) reported that the paraoxonase gene polymorphisms might be a possible genetic risk factor for exudative-type AMD. In our study, serum PON1 activity declined in patients with AMD in comparison to the healthy controls. The exact mechanism of the decline of the serum PON1 activity in AMD patients is unclear; however, it may be attributed to an increased inactivation of PON1 due to the increased generation of ROS in AMD patients (Ferretti et al. 2007; Isik et al. 2007 ). Consequently, consumption of PON1 to prevent oxidation results in a decrease of serum PON 1 activity (Gocmen et al. 2004 (Gocmen et al. , 2005 . It has been found that the protection against lipid peroxidation is achieved by PON1, during which free sulfhydryl groups of PON1 interact with specific oxidized lipids, and thus, PON1 is inactivated (Gocmen et al. 2004) . Furthermore, in the present study, oxidized LDL levels were higher in AMD patients than in controls (Kamei et al. 2007) . PON1 has been shown to neutralize the harmful effects of lipid peroxides by diminishing covalent linkages between lipid peroxidation products and LDL protein, as well as the accumulating lipid peroxides in LDL (Harangi et al. 2008) . Baskol et al. (2006) concluded that the increased ROS levels might cause increased lipid peroxidation, and thus, result in decreased antioxidant PON1 activity and increased MDA levels. They also determined a significant negative correlation between MDA and PON1 activities in the patient group. Similarly, in our study, the patients with exudative-type AMD had lower PON1 activity than the control group. In addition, a significant negative correlation was determined between MDA and PON1 activities. Thus, it can be stated that AMD patients may be much more susceptible to oxidative stress than control subjects because of the increased formation of peroxides or the decreased breakdown of peroxides by PON1. In the light of these results, lower PON1 activity may account for the increased lipid peroxidation and oxidative stress observed in AMD. Homocysteine is a very reactive molecule, suspected to be the cause of atherosclerosis and heart disease by directly damaging the endothelium or increasing oxidative status. However, the exact mechanism of the damage is unknown (Hankey and Eikelboom 1999) . Toxic hydrogen peroxide and hydroxyl radicals are generated during the autooxidation of homocysteine, and these radicals promote oxidative stress (Papatheodorou and Weiss 2007) . In experimental studies, various possible mechanisms have been proposed to account for the vascular effects of homocysteine. Homocysteine has a mitogenic activity in vascular smooth muscle cells. This can lead to arterial wall thickening as well as intracellular release of calcium in these cells, and thus increase their proliferation and the mass of extracellular matrix (Ozdemir et al. 2004 ). Another theory is that homocysteine causes oxidative injury to endothelial cells and enhances the peroxidation of low-density lipoproteins, which in turn promotes the atheromatous process. Increased homocysteine could also increase thrombotic events while inhibiting the expression of thrombomodulin secreted by the endothelial cells to prevent the activation of protein C. Additionally, the activity of factors V and VII and the adhesion of platelets to the endothelium increases. Homocysteine is toxic to the vascular endothelium, which may also account for its association with CNV. Homocysteineinduced damage to the choriocapillaris endothelium can lead to vascular occlusion and neovascularization (Stamler et al. 1993; Jakubowski 1997; Upchurch et al. 1997 ). According to the findings of the study by Ueland et al. (1993) , total homocysteine in serum/plasma increased markedly in patients with cobalamin or folate deficiency, and decreased only when they were treated with the deficient vitamin. Seddon et al. (1994) have demonstrated a relationship between dietary status and the risk of developing exudative AMD. Hence, they found higher homocysteine plasma levels in their neovascular AMD group. This may be a marker of nutritional status. In the present study, patients with exudative-type AMD had significantly higher homocysteine concentrations compared to controls. These results support the study performed by Alvares Delfino et al. (2007) . Thus, it may be suggested that homocysteine toxicity to the vascular endothelium may also account for exudative-type AMD pathogenesis. However, it is still not known whether hyperhomocysteinemia is a common response to oxidative stress or whether oxidative stress and homocysteine levels are influenced by a common factor such as genetic mutations. Homocysteine can be converted into homocysteine thiolactone in all cell types; this leads to potentially harmful protein damage by homocysteineylation that may be involved in the pathology of vascular diseases (Evereklioglu et al. 2003) . PON1 shows homocysteine thiolactonase activity, which might contribute to the detoxification of this metabolite of homocysteine (Jakubowski 2003) . In mice, it has been found that PON1 mRNA is downregulated and there is lower PON1 activity with moderate to severe hyperhomocysteinemia, which is caused by a hyperhomocysteinemic diet or by a genetic deficiency in cystathionine b-synthase (Janel et al. 2004 ). We found higher serum homocysteine levels in the patients with AMD compared to controls. The higher homocysteine levels were correlated with higher serum MDA and lower PON1 activity.
According to our results, it can be stated that homocysteine may negatively regulate PON1 gene expression in active AMD, which could contribute to lower serum PON1 activity due to enhanced oxidative stress. This hypothesis should also be tested by an intervention aimed at lowering homocysteine concentrations. In general, our study demonstrated a lower PON1 activity in patients with AMD and a negative correlation of levels of MDA with PON1 activity. Moreover, high levels of homocysteine showed a negative correlation with PON1 activity in patients with AMD. Increased lipid peroxidation and oxidative stress observed in AMD may be associated with decreased PON1. In addition, homocysteine may contribute to decreased serum PON1 activity. Further studies are required to explain the exact role of PON1 in AMD.
